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DESCRIPTION 

BIODEGRADABLE MATERIAL FOR ACOUSTIC APPARATUS 

5 Technical Field 

The present invention relates to an acoustic apparatus 
housing material used in an acoustic apparatus and an acoustic 
apparatus housing using the same. More particularly, the 
present invention relates to a material for acoustic apparatus 
10 housing, which can improve the tone quality and protect the 
environment simultaneously, and an acoustic apparatus housing 
using the same. 

Background Art 

15 Conventionally, acoustic apparatuses having improved 

tone quality have been developed. In the acoustic 
apparatuses, particularly, the improvement of acoustic 
properties, such as an output acoustic pressure level, 
distortion ratio, and flatness, is desired. In recent years , 

20 it is believed that the acoustic properties depend on various 
physical properties of a housing of the acoustic apparatus, 
and hence the physical properties of the acoustic apparatus 
housing are considered to be important. When an acoustic 
apparatus is driven to generate acoustic waves, the acoustic 

25 apparatus housing generally vibrates in resonance with the 
acoustic waves. Consequently, the resonance causes the tone 
quality of the acoustic apparatus to be poor. For solving 
this problem, it is considered that a rigid material having 
an appropriately large internal loss is used in the acoustic 

30 apparatus to improve the acoustic properties including an 
output acoustic pressure level, distortion ratio, and 
flatness. Therefore, a wood board, such as lauan made of wood 
as a raw material , or a particle board formed from wood pieces 



2 



S03P1391 



bonded by 5in adhesive , has b^SH US ^ m;=*1-<=>T~n ;=il •For' t"Vi^ 

acoustic apparatus housing. 

However, when the wood board is used as a material for 
5 acoustic apparatus housing, the wood board has a small degree 
of freedom in the outer shape and hence restricts its use, 
and thus the wood board does not meet the demands. Further, 
the wood board needs a step for assembling wood boards processed 
into desired forms, and hence lowers the productivity, and 

10 thus the wood board does not satisfy the requirement in respect 
of productivity. For solving these problems, as a material 
for acoustic apparatus housing, a material obtained by mixing 
a thermoplastic or thermosetting resin with inorganic filler 
and subjecting the resultant mixture to injection molding is 

15 studied and used (Japanese Patent Application Publication No . 
JP H06-169498) . The resultant acoustic apparatus housing is 
improved in rigidity due to the inorganic filler; however, 
the acoustic apparatus housing has low internal loss and hence 
exhibits poor tone quality than that of a wooden housing. On 

20 the other hand, when an ABS resin is used instead of 

polypropylene (PP) in the material for acoustic apparatus 
housing, the resultant acoustic apparatus housing has a small 
internal loss and thus undergoes resonance, causing 
distortion, and therefore this material is not suitable for 

25 acoustic apparatus housing. 

On the other hand, from the viewpoint of protecting the 
environment, conventionally, a resin derived from petroleum 
as noble fossil resources is frequently used as a material 
30 for acoustic apparatus housing, and it is expected that a 
substitute for the petroleum resin is rapidly developed for 
preventing the exhaustion of resources. Recently, a variety 
of synthetic resin materials are developed as materials for 
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acoustic apparatus housing and pruvideu, and the amount of 
the synthetic resin materials used in the field of acoustic 
apparatus housing increases year by year. Consequently, the 
amount of synthetic resin waste also increases, and the method 
5 for treatment of the resin waste leads to serious social 
problems . When the resins disposed of are directly subj ected 
to thermal treatment, it is possible that harmful gas, such 
as dioxin, is generated or the incinerator suffers a damage 
due to large heat of combustion, leading to a danger of imposing 
10 a heavy burden on the environment . 

As examples of conventionally known methods for treatment 
of waste resin, which are unlikely to impose a burden on the 
environment , there can be mentioned methods in which molecular 
weight of the waste resin is lowered by thermal decomposition 
or chemical decomposition and then incinerated or buried. 
However, the thermal disposal generates exhaust carbon dioxide 
and therefore possibly causes global warming, and, when a resin 
containing sulfur, nitrogen, or halogen is incinerated, 
exhaust harmful gas may be generated to cause air pollution. 
Currently, most of the resins used in the acoustic apparatus 
housing remain intact for a long term without decomposing after 
being disposed of and buried, and they may cause soil pollution 
or water pollution. For solving the problem, biodegradable 
resins have been developed recently and attracted attention, 
and put into practical use as disposal products, for example, 
mainly, utensils for daily use , sanitary goods , and play tools . 

As mentioned above , it is known that the acoustic apparatus 
30 housing using wood has excellent tone quality. Therefore, 
as a non-natural material for acoust ic apparatus housing , which 
is improved to have tone quality equivalent to or higher than 
that of the housing using wood, for example, a material obtained 



15 



20 



25 



S03P1391 

4 

by mixing ceiluiaae lillex , ^ uuli d& wood meal or rice hull, 
with a resin is studied and used (Unexamined Japanese Patent 
Application Laid-Open Specification No. Hei 10-164679) . In 
this case, the cellulose filler is surf ace- treated with phenol 
5 or the like for improving the compatibility with the resin. 
The cellulose filler, however, does not have satisfactory 
lubricating properties, as compared to general inorganic 
filler, and therefore only a limited amount of the cellulose 
filler can be added to the resin, making it difficult to improve 
10 the acoustic apparatus housing in rigidity. 

In addition, when a loudspeaker is driven at a 
predetermined power, the acoustic apparatus housing using the 
cellulose filler vibrates itself in resonance with the 
loudspeaker vibration, so that the acoustic pressure frequency 
properties of the loudspeaker are not stabilized, causing 
deviation. This disadvantageously increases distortion in 
the acoustic apparatus housing. Further, the cellulose 
filler forms lignin or pyrolignous acid when being mixed with 
the resin and shaped. Therefore, the acoustic apparatus 
housing using the cellulose filler may suffer corrosion, and 
hence this material does not satisfy the requirements of the 
material for acoustic apparatus housing . Thus , there has been 
desired a material having excellent performance as an acoustic 
apparatus housing, which is unlikely to impose a burden on 
the environment and solves the above problems of corrosion 
and the like. 

A task of the present invention is to provide a material 
30 which is advantageous not only in that it is unlikely to impose 
a burden on the environment and prevents the resin from 
suffering corrosion, but also in that it has excellent 
performance as an acoustic apparatus housing. 
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DISCLOSURE OF THE INVENTION 

The present inventors have conducted extensive and 
intensive studies with a view toward achieving the above task. 
5 As a result, they have succeeded in creating a material for 
acoustic apparatus housing comprising a biodegradable polymer 
compound, an inorganic material, and a hydrolysis inhibitor, 
and further have found that the material for acoustic apparatus 
housing causes almost no adverse effect on the global 

10 environment and is excellent in output acoustic pressure level 
and distortion ratio as well as flatness and it can solve the 
problems of corrosion and the like, and found that all the 
above-mentioned conventional problems are solved and the 
material for acoustic apparatus housing is advantageously used 

15 as a raw material for the below-mentioned, specifically a 
variety of housing-related commercial products . The present 
inventors further have conducted studies and also found that 
the material for acoustic apparatus housing can be 
advantageously produced from a commercial point of view. 

20 

The present inventors have obtained the above various 
findings and then further conducted studies, and the present 
invention has been completed. 

25 Specifically, the present invention is directed to: 

(1) a material for acoustic apparatus housing, 
characterized in that it comprises a biodegradable polymer 
compound, an inorganic material, and a hydrolysis inhibitor; 

(2) the material for acoustic apparatus housing according 
30 to item (1) above, characterized in that the biodegradable 

polymer compound is polysaccharide , biodegradable polyester, 
polyamino acid, polyvinyl alcohol, polyalkylene glycol, or 
a copolymer or mixture thereof; and 
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( 3 ) the material for acoustic cippcn dLub hous iiig according 
to item (2) above, characterized in that the biodegradable 
polyester is polylactic acid, polycaprolactone , 
polyhydroxybutyric acid, polyhydroxyvaleric acid, 
5 polyethylene succinate , polybutylene succinate , polybutylene 
adipate, polymalic acid, microbiologically synthetic 
polyester, or a copolymer or mixture thereof. 

The present invention is directed to: 

(4 ) the material for acoustic apparatus housing according 
to item (1) above, characterized in that the inorganic material 
comprises at least one member selected from aluminum hydroxide , 
magnesium hydroxide, calcium hydroxide, barium sulfonate, 
calcium carbonate, titanium oxide, alumina, mica, and talc; 

(5) the material for acoustic apparatus housing according 
to item (2) above, characterized in that the inorganic material 
comprises at least one member selected from aluminum hydroxide , 
magnesium hydroxide, calcium hydroxide, barium sulfonate, 
calcium carbonate, titanium oxide, alumina, mica, and talc; 
and 

( 6 ) the material for acoustic apparatus housing according 
to item (3) above, characteri zed in that the inorganic material 
comprises at least one member selected f rom aluminum hydroxide , 
magnesium hydroxide, calcium hydroxide, barium sulfonate, 
calcium carbonate, titanium oxide, alumina, mica, and talc. 

The present invention is directed to: 

( 7 ) the material for acoustic apparatus housing according 
to item (1) above, characterized in that the hydrolysis 
30 inhibitor comprises at least one member selected from a 
carbodiimide compound, an isocyanate compound, and an 
oxazoline compound ; 

( 8 ) the material for acoustic apparatus housing according 



10 



15 



20 



25 



7 



S03P1391 



to item (2) above, characterized in chau Lhc hydrolysis 
inhibitor comprises at least one member selected from a 
carbodiimide compound, an isocyanate compound, and an 
oxa z o 1 i ne c omp ound ; 
5 (9) the material for acoustic apparatus housing according 

to item (3) above, characterized in that the hydrolysis 
inhibitor comprises at least one member selected from a 
carbodiimide compound, an isocyanate compound, and an 
oxazoline compound; and 
10 (10) the material for acoustic apparatus housing 

according to item (4) above, characterized in that the 
hydrolysis inhibitor comprises at least one member selected 
from a carbodiimide compound, an isocyanate compound, and an 
oxazoline compound . 

15 

The present invention is directed to: 
(11) the material for acoustic apparatus housing 
according to item (1) above, characterized in that it has a 
specific gravity of 1.3 g/cm 3 or more; 
20 (12) the material for acoustic apparatus housing 

according to item (2) above, characterized in that it has a 
specific gravity of 1.3 g/cm 3 or more; 

(13) the material for acoustic apparatus housing 
according to item (3) above, characterized in that it has a 

25 specific gravity of 1.3 g/cm 3 or more; 

(14) the material for acoustic apparatus housing 
according to item (4) above, characterized in that it has a 
specific gravity of 1.3 g/cm 3 or more; and 

(15) the material for acoustic apparatus housing 

30 according to item (7) above, characterized in that it has a 
specific gravity of 1.3 g/cm 3 or more. 
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(16) an acoustic apparatus housing uhdidu Lerizcd by being 
made of the material for acoustic apparatus housing according 
to item (1) above; 

(17) an acoustic apparatus housing characterized by being 
5 made of the material for acoustic apparatus housing according 

to item (2) above ; 

( 18 ) an acoustic apparatus housing characteri zed by being 
made of the material for acoustic apparatus housing according 
to item (3) above; and 
10 (19) an acoustic apparatus housing characterized by being 

made of the material for acoustic apparatus housing according 
to item (7) above. 

The present invention is directed to: 

(2 0) an acoustic apparatus housing characteri zed by being 
made of the material for acoustic apparatus housing according 
to item (5) above; 

(21) the material for acoustic apparatus housing 
according to item (1) above, characterized in that the acoustic 
apparatus is a television apparatus, a stereo apparatus, a 
radio cassette player, or a headphone; and 

(22) a method for producing a material for acoustic 
apparatus housing, characterized by mixing a biodegradable 
polymer compound, an inorganic material, and a hydrolysis 
inhibitor . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the results of the damping test in Example 

1 . 

30 FIG. 2 shows the results of the damping test in Example 

2 . 

FIG. 3 shows the results of the damping test in Example 

3 . 
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4 . 

FIG . 5 shows the results of the damping test in Comparative 
Example 1 . 

5 FIG. 6 shows the results of the damping test in Comparative 

Example 2 . 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention is directed to a material for 

10 acoustic apparatus housing, characterized in that it comprises 
a biodegradable polymer compound, an inorganic material, and 
a hydrolysis inhibitor. In the present invention, it is 
preferred that the material for acoustic apparatus housing 
is a composite resin material comprised mainly of an inorganic 

15 material and a hydrolysis inhibitor. The material for 

acoustic apparatus housing may be in any form, for example, 
in the form of particles, pellets, or the like. With respect 
to the "acoustic apparatus housing", there is no particular 
limitation, and it may be a housing for known device called 

20 acoustic apparatus. Examples include housings for a 

television apparatus, a radio cassette player, a headphone, 
a loudspeaker, an audio component, or a microphone. In the 
present invention, it is preferred that the acoustic apparatus 
is comprised of a loudspeaker unit which generates an acoustic 

25 pressure, and an outer housing formed so that it surrounds 
the whole of the loudspeaker unit . Hereinbelow, the material 
for acoustic apparatus housing will be described with respect 
to the constituents, the production method, and the use. 



30 The biodegradable polymer compound used in the present 

invent ion may be any polymer compound having biodegradabi 1 i ty . 
It may be a "known compound called biodegradable polymer 
compound or biodegradable resin. Examples include 
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polyscicjcjhcii- iuc , biodegradable pclycctcr, pclyaminc acid, 
polyvinyl alcohol, polyalkylene glycol, and copolymers and 
mixtures thereof. With respect to the biodegradability , 
there is no particular limitation, and it may be, for example, 
5 a property of being biochemically decomposed into carbon 
dioxide, water, and the like due to microorganisms , an enzyme, 
or the like . 

The polysaccharide may be any saccharide which undergoes 

10 hydrolysis to form at least one monosaccharide, and it may 
be saccharide which undergoes hydrolysis to form 
monosaccharide and a derivative thereof simultaneously. 
There is no particular limitation, and examples include 
cellulose, cellulose ester (acetyl cellulose, cellulose 

15 propionate, cellulose butyrate, nitrocellulose, cellulose 
sulfonate, cellulose phosphate, and copolymers and mixtures 
thereof) , cellulose ether (methyl cellulose , ethyl cellulose, 
carboxymethyl cellulose, carboxyethyl cellulose, 
hydroxyethyl cellulose, and hydroxypropyl cellulose), 

20 starch, chitosan, chitin chitosan, mannan, carrageenan, 
alginic acid, amylose, amylopectin, pectin, lentinan, 
hyaluronic acid, hylan, agarose, pullulan, dextran, and 
derivatives thereof (e.g., cellulose derivatives, such as 
cellulose propionate, cellulose acetate propionate, 

25 cellulose butyrate , cellulose acetate butyrate , hydroxyethyl 
cellulose, and hydroxypropyl cellulose) , and copolymers and 
mixtures thereof. In the present invention, as the 
polysaccharide, a commercially available product, for 
example, SANWET (trade name; available from Sanyo Chemical 

30 Industries, Ltd.) , Arasoap (tradename; available fromArakawa 
Chemical Industries, Ltd.) , Sumikagel (tradename; available 
from Sumitomo Chemical Co., Ltd.), AQUA KEEP (trade name; 
available from SUMITOMO SEIKA CHEMICALS CO. , LTD. ) , AQUA MATE 
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RESERVE AP (trade name; available from The Nippon Synthetic 
Chemical Industry Co., Ltd.), or AKUALICK CA (trade name; 
available from NIPPON SHOKUBAI CO., LTD.) can be used. 

5 

The biodegradable polyester may be any polymer compound 
having biodegradabili ty and containing at least one ester 
linkage. Examples include aliphatic polyester, for example, 
polylactic acid, such as poly-L- lactic acid (PLLA) and 

10 copolymers of L-lactic acid and D-lactic acid (e.g., random 
copolymers and graft copolymers), derivatives thereof, and 
copolymers and mixtures thereof; and other polyester, such 
as polycaprolactone , polyhydroxybutyric acid, 
poly hydroxyval eric acid, polyethylene succinate, 

15 polybutylene succinate, polybutylene adipate, polymalic 
acid, microbiologically synthetic polyester {e.g., 
3 -hydroxyburyrate (3HB) , 3 -hydroxyval era te (3HV) , and 
copolymers thereof} , derivatives thereof, and copolymers and 
mixtures thereof. In the present invention, as the 

20 biodegradable polyester, a commercially available product, 
for example, Celgreen P-H (trade name; available from Dicel 
Chemical Industries, Ltd.) , Lacty (tradename; available from 
Shimadzu Corporation) , or LACEA (trade name; available from 
Mitsui Chemicals, Inc.) can be used. 

25 

The polyamino acid may be any polymer compound having 
biodegradability and containing at least one peptide linkage . 
The polyamino acid can be produced by a known method. With 
respect to the method for producing the polyamino acid, there 
30 is no particular limitation, and examples include a method 
in which an N-carboxylic anhydride of an amino acid, such as 
glycine, alanine, valine, phenylalanine, glutamic ester, 
aspartic ester, leucine, or isoleucine, is polymerized in an 
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organic solvent. 

With respect to the polyvinyl alcohol, there is no 
particular limitation as long as it is a polymer compound having 
5 biodegradability and containing at least one vinyl bond having 
a hydroxyl group . The polyvinyl alcohol may be a commercially 
available product , and, as the commercially available product , 
polyvinyl alcohol is available from, for example, Showa 
Chemical Industry Co., Ltd. 

10 

The polyalkylene glycol maybe any polymer compound having 
biodegradability and containing at least one divalent alkylene 
group substituted with a glycol group. The polyalkylene 
glycol may be a commercially available product, and examples 
15 of the commercially available products include Ucon™ (trade 
name) (available from Union Carbide Chemicals and Plastics 
Technology Corporation) . 

In the present invention, an organic polymer compound, 
20 which is biodegradable when it has a low molecular weight and 
poor in biodegradability when it has a high molecular weight, 
and which has biodegradability imparted by copolymeri zat ion 
(e.g., graft copolymerization) or the like, can be preferably 
used as the biodegradable polymer compound. Examples of the 
25 organic polymer compounds include polyethylene, polyacrylic 
acid derivatives, polypropylene, and polyurethane . With 
respect to the end group or molecular weight of the 
biodegradable polymer compound, there is no particular 
limitation, and, with respect to the mechanical strength or 
30 the like of the biodegradable polymer compound, there is no 
particular limitation as long as the resultant material can 
be used as a material for acoustic apparatus housing. 
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in che present invenLiuii, Llic= biodegradable polymer 
compound is preferably biodegradable polyester, more 
preferably polylactic acid, most preferably LACEA™. LACE A™ 
is available from Mitsui Chemicals, Inc. at Chiyoda-ku, Tokyo. 
5 In the present invention, it is preferred that the 

biodegradable polymer compound is easily decomposed into lower 
molecular weight and changed to a compound unharmful to the 
environment after being disposed of in the natural environment , 
causing little adverse effect on the global environment, and 
10 it is more preferred that the compound can be shaped into an 
arbitrary form like existing thermoplastic resins, and it is 
most preferred that the compound is excellent in mixing 
properties and mass production properties. 

15 With respect to the inorganic material used in the present 

invention, there is no particular limitation as long as the 
effect aimed at by the present invention is not sacrificed, 
and it may be a known material called inorganic material or 
classified into inorganic material. Examples include 

20 materials comprising at least one member selected from an 
inorganic hydroxide compound, such as aluminum hydroxide, 
magnesium hydroxide , or calcium hydroxide ; an inorganic salt, 
such as barium sulfonate or calcium carbonate; an inorganic 
oxide compound, such as titanium oxide or alumina; and an 

25 inorganic silica compound, such as mica or talc . The inorganic 
materials are generally distributed widely as commercially 
available products , and examples of the commercially available 
products include aluminum hydroxide (trade name; available 
from Sumitomo Chemical Co., Ltd. at 27-1, Shinkawa 2-chome, 

30 Chuo-ku, Tokyo) , KYOWASUIMAG F and KISUMA 1 (trade names; 
available from Kyowa Chemical Industry Co. , Ltd.) , and talc 
or mica (trade name; available from NIPPON TALC CO. , LTD.) . 
In the present invention, the inorganic materials may be used 
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xii CO iVuO x j. i ex L x O i i . 

With respect to the amount of the inorganic material added, 
there is no particular limitation, and the amount is 
5 appropriately determined depending on, for example, the type 
of the inorganic material, the type of the biodegradable 
polymer, or the mechanical strength of a desired material for 
acoustic apparatus housing. In the present invention, the 
amount of the inorganic material added is preferably in the 

10 range of about 1 to 99% by mass, more preferably in the range 
of about 5 to 70% by mass, based on the mass of the material 
for acoustic apparatus housing. In the present invention, 
from the viewpoint of protecting the environment, it is 
preferred that an inorganic hydroxide compound or/and an 

15 inorganic silica compound are used as the inorganic compound, 
and the amount of the inorganic hydroxide compound or/and 
inorganic silica compound added is preferably in the range 
of about 1 to 99% by mass, more preferably in the range of 
about 5 to 70% by mass, most preferably in the range of about 

20 10 to 60% by mass , based on the mass of the material for acoustic 
apparatus housing . 

The hydrolysis inhibitor used in the present invention 
is added for prevent ing the acoustic apparatus housing produced 

25 using the material of the present invention from easily 

decomposing due to, for example, moisture in air during the 
period of use of the acoustic apparatus to unable to function 
as a housing. The hydrolysis inhibitor may be any inhibitor 
which can inhibit the biodegradable polymer compound from 

30 undergoing hydrolysis, and it may be a known inhibitor called 
hydrolysis inhibitor. Examples include compounds having 
reactivity with a carboxylic acid group and a hydroxyl group 
as end functional groups of a resin, and more specific examples 
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oxazoline compounds. In the present invention, it is 
preferred that the hydrolysis inhibitor is a carbodiimide 
compound since it can be melt -kneaded with the biodegradable 
5 polymer compound and the carbodiimide compound added in a small 
amount can inhibit hydrolysis. 

The carbodiimide compound may be any compound having at 
least one carbodiimide group in its molecule (including a 

10 polycarbodiimide compound) . Examples of carbodiimide 

compounds include ones which can be synthesized by subjecting 
polymer isocyanate to decarboxylat ive polycondensat ion using 
an organophosphorus compound or an organometal compound as 
a catalyst in the absence of a solvent or in an inert solvent 

15 at a temperature of about 70°C or higher, and more specific 
examples include monocarbodiimide compounds, such as 
dicyclohexylcarbodiimide , diisopropylcarbodiimide , 
dimethylcarbodiimide , diisobutylcarbodiimide , 
dioctylcarbodiimide , diphenylcarbodiimide , and 

20 naphthylcarbodiimide . In the present invention, it is 
preferred that the hydrolysis inhibitor is 

dicyclohexylcarbodiimide or diisopropylcarbodiimide which is 
easily commercially available. Examples of commercially 
available hydrolysis inhibitors include Carbodilite™ (trade 
25 name) available from Nisshinbo Industries, Inc., and 
N, N ' -dicyclohexylcarbodiimide or 

N, N ' -diisopropylcarbodiimide (trade name) available from 
Toyo Kasei Kogyo Co., Ltd. 

30 The isocyanate compound may be any compound having at 

least one isonitrile group and at least one ester linkage. 
It may be a known compound called isocyanate compound. 
Examples include compounds comprising at least one member 
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selected from an aroma Liu i ^>Lj^y ana'ce compound, such, ac 
diphenylmethane diisocyanate or tolylene diisocyanate; 
alicyclic isocyanate, such as isophorone diisocyanate; and 
aliphatic isocyanate, such as hexamethylene diisocyanate. 

5 

The oxazoline compound may be any compound having a 
monovalent group derived from oxazole optionally substituted, 
and may be a known oxazoline compound or compound called 
oxazoline compound. Examples of " subst ituents " include 

10 halogenatoms (e.g. , fluorine, chlorine, bromine, andiodine) , 
a nitro group, a cyano group, a hydroxyl group, a thiol group, 
a sulfo group, a sulf ino group, a mercapto group, a phosphono 
group, linear or branched alkyl groups (e.g. , a methyl group, 
an ethyl group, an isopropyl group, a n-propyl group, a n-butyl 

15 group, an isobutyl group, a sec -butyl group, a tert -butyl 
group, a pentyl group, a hexyl group, a heptyl group, an octyl 
group, anonylgroup, adecylgroup, an undecyl group , a dodecyl 
group, a tridecyl group, a tetradecyl group, a pentadecyl 
group, a hexadecyl group, a heptadecyl group, an octadecyl 

20 group, a nonadecyl group, and an eicosyl group) , hydroxyalkyl 
groups (e.g., a hydroxymethyl group, a hydroxyethyl group, 
a 1 -hydroxy isopropyl group, a 1 -hydroxy- n-propyl group, a 
2 -hydroxy-n-butyl group, and a 1 -hydroxy isobutyl group) , 
halogenoalkyl groups (e.g., a chloromethyl group, a 

25 dichloromethyl group, a trichloromethyl group , a f luoromethyl 
group, a dif luoromethyl group, a trif luoromethyl group, a 
2-bromoethyl group, a 2 , 2 , 2 - tri f luoroethyl group, a 
pentaf luoroethyl group, a 3 , 3 , 3 -trif luoropropyl group, a 
4 , 4 , 4 - trif luorobutyl group, a 5 , 5 , 5 - tri f luoropentyl group, 

30 and a 6 , 6 , 6- trif luorohexyl group) , cycloalkyl groups (e.g., 
a cyclopropyl group, a cyclobutyl group, a cyclopentyl group, 
a cyclohexyl group, and a cycloheptyl group) , alkenyl groups 
(e.g. , a vinyl group, a crotyl group, a 2-pentenyl group, and 
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2 -cyclopentenyl group, a 2 -cyclohexenyl group, a 
2 -cyclopentenylmethyl group, and a 2 -cyclohexenylmethyl 
group) , alkynyl groups (e.g. , an ethynyl group, a 1-propynyl 
5 group, a 2-propynyl group, a 1-butynyl group, a 2-pentynyl 
group, and a 3-hexynyl group) , an oxo group, a thioxo group, 
an amidino group , an imino group , alkylenedioxy groups (e.g. , 
a methylenedioxy group and an ethylenedioxy group) , 
hydrocarbon groups, e.g., monocyclic or condensed cyclic 

10 hydrocarbon groups , such as a phenyl group and a biphenyl group , 
and bridged cyclic hydrocarbon groups, such as a 1 -adamantyl 
group and a 2 -norbornanyl group , alkoxy groups (e.g., amethoxy 
group, an ethoxy group, a propoxy group, an isopropoxy group, 
a butoxy group, an isobutoxy group, a sec-butoxy group, a 

15 tert -butoxy group, a pentyloxy group, a neopentyloxy group, 
and a hexyloxy group) , alkylthio groups (e.g. , a methylthio 
group, an ethyl thio group, a propyl thio group, an isopropyl thio 
group, a butyl thio group, an isobutyl thio group, a pentylthio 
group, and a hexylthio group) , a carboxyl group, alkanoyl 

20 groups (e.g., a formyl group; an acetyl group, a propionyl 
group, a butyryl group, and an isobutyryl ) , alkanoyloxy groups 
(e.g. , a formyloxy group; and alkylcarbonyloxy groups, such 
as an acetyloxy group, a propionyloxy group, a butyryloxy 
group, and an isobutyryloxy group) , alkoxycarbonyl groups 

25 (e.g., a methoxycarbonyl group, an ethoxycarbonyl group, a 
propoxycarbonyl group, and a butoxycarbonyl group) , 
aralkyloxycarbonyl groups (e.g. , a benzyloxycarbonyl group) , 
a thiocarbamoyl group, alkylsulf inyl groups (e.g., a 
methylsulf inyl group and an ethylsulf inyl group) , 

30 alkylsulf onyl groups (e.g., a methylsulf onyl group, an 

ethylsulf onyl group, and a butylsulf onyl ) , a sulfamoyl group, 
monoalkylsulf amoyl groups (e.g. , a methylsulf amoyl group and 
an ethylsulf amoyl group), dialkylsulf amoyl groups (e.g., a 
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dimeuhyisui f amuy 1 yiuup cinu d die Llxy 1 sul f amoyl group) , 
arylsulf amoyl groups (e.g., a phenyl sulfamoyl group and a 
naphthylsulf amoyl group) , aryl groups (e.g., a phenyl group 
and a naphthyl group) , aryloxy groups (e.g. , a phenyl oxy group 
5 and a naphthyloxy group) , arylthio groups (e.g. , a phenylthio 
group and a naphthylthio group) , arylsulf inyl groups (e.g. , 
a phenyl sulf inyl group and a naphthylsulf inyl group) , 
arylsulfonyl groups (e.g., a phenyl sulfonyl group and a 
naphthylsulf onyl group) , arylcarbonyl groups (e.g., a benzoyl 

10 group and a naphthoyl group) , arylcarbonyloxy groups (e.g. , 
a benzoyloxy group and a naphthoyloxy group) , 
alkylcarbonylamino groups optionally halogenated (e.g., an 
acetylamino group and a trif luoroacetylamino group) , 
carbamoyl groups optionally having a substituent {e.g. , groups 

15 represented by the formula: -CONR 3 R 4 (wherein each of R 3 and 
R 4 represents a hydrogen atom, a hydrocarbon group optionally 
having a subs t i tuent , or a het erocycl ic group opt ional ly having 
a substituent, and R 3 and R 4 and the adjacent nitrogen atom 
optionally together form a ring)}, amino groups optionally 

20 having a substituent (e.g., an amino group, an alkylamino 
group, a tetrahydropyrrolyl group, a piperazyl group, a 
piper idyl group, a morpholino group, a thiomorpholino group, 
a pyrrolyl group, and an imidazolyl group) , ureide groups 
optionally having a substituent {e.g. , groups represented by 

25 the formula: -NHCONR 3 R 4 (wherein R 3 and R 4 are as defined 
above) }, carboxamide groups optionally having a substituent 
{e.g., groups represented by the formula: -NR 3 COR 4 (wherein 
R 3 and R 4 are as defined above) } , sulfonamide groups optionally 
having a substituent {e.g. , groups represented by the formula : 

30 -NR 3 S0 2 R 4 (wherein R 3 and R 4 are as defined above) } , a hydroxyl 
group or a mercapto group optionally having a substituent, 
heterocyclic groups optionally having a substituent {such as 
aromatic heterocyclic groups (e.g. , a pyridyl group, a furyl 
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group, ciriUci L-illdZ,oIyi yiu up ) ^ ^Ji l L ctJ. i i -l I iy , ao at-vjiuD ^whot it utln^ 

a ring system (ring forming atoms) , a carbon atom and at least 
one member selected from 1 to 3 types of hetero atoms of an 
oxygen atom, a sulfur atom, and a nitrogen atom, and saturated 
5 or unsaturated aliphatic heterocyclic groups}, and 

substituents obtained by chemically acceptably substituting 
the above substituents. 

With respect to the amount of the hydrolysis inhibitor 
10 added, there is no particular limitation. In the present 
invention, the amount of the hydrolysis inhibitor added is 
preferably adjusted depending on the rate of biodegradat ion, 
more preferably about 5% by mass or less, based on the mass 
of the biodegradable polymer compound, most preferably 
15 appropriately determined depending on the mechanical strength 
of the desired acoustic apparatus housing, the type of the 
biodegradable polymer compound, the type of the inorganic 
material, or the like. 

20 In the present invention, for surely obtaining mechanical 

strength required for the material for acoustic apparatus 
housing, it is preferred that a rubber component is further 
added to the material for acoustic apparatus housing. With 
respect to the rubber component, there is no particular 

25 limitation, and it may be either a natural rubber or a synthetic 
rubber. Examples include styrene elastomers, olefin 
elastomers, urethane elastomers, polyester elastomers, and 
polyamide elastomers . 

30 Example of the styrene elastomers include SB 

(polystyrene-polybutadiene) , SEBS 

{polystyrene-poly (ethylene-butylene) -polybutadiene } , SIS 
(polystyrene-polyisoprene-polystyrene) , SEPS 
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{polystyrene-poly (echyleiie-piupyleiit;) -jjuIysLyrene} , and 
SBS (polystyrene -polybutadiene- polystyrene) block 
copolymers. As the styrene elastomer, a commercially 
available product can be used, and examples of the commercially 
5 available products include KRATON, CARIFLEX TR, and KRATON 
G (tradenames) available fromShell Chemicals ; SOLPRENE (trade 
name) available from Philips Petrolef am; EUROPRENE SOLT (trade 
name) available from ANIC; Tufprene (trade name) available 
fromAsahi Kasei Corporation; SOLPRENE T (tradename) available 
10 from Nippon Elastomer Co . Ltd.; JSRTR (tradename) available 
from JSR Corporation; DENKA STR (trade name) available from 
Denka Kagaku Kogyo Kabushiki Kaisha; and Quint ac (trade name) 
available from ZEON CORPORATION. 

As examples of the olefin elastomers, there can be 
mentioned ethylene-a-olef in random copolymers and those 
having diene copolymerized as the third component , and specific 
examples include ethylene-propylene random copolymers, 
ethylene -1-butene random copolymers, and copolymers 
comprising EPDM (ethylene-propylene-diene copolymers having 
dicyclopentadiene or ethyl idenenorbornene as a diene 
component) as a soft segment and polyolef in as a hard segment . 
Examples of commercially available products include TAFMER 
and MI LAS TOMER (trade names) available from Mitsui Chemicals, 
Inc . 

Examples of the urethane elastomers include polyurethane 
comprising polyester, low-molecular weight glycol, and 
methylenebis (phenyl isocyanate) or tolidine diisocyanate, 
30 which is obtained by addition polymerization of poly isocyanate 
with polylactone ester polyol in the presence of short-chain 
polyol (polyether polyurethane) ; polyurethane which is 
obtained by addition polymerization of polyisocyanate with 
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ciciipciLe polyol ubLdincd lj.ui f i aJ±pi^, av_i.d ^ly^cl in the 

presence of short -chain polyol (polyester polyurethane) ; and 
polyurethane which is obtained by addition polymerization of 
polyisocyanate with polytetramethylene glycol obtained by 
5 ring opening of tetrahydrof uran in the presence of short -chain 
polyol . Examples of commercially available products include 
Vulkollan (trade name) available from Bayer Ltd.; Chemigum 
SL (tradename) available from Goodyear ; Adiprene (tradename) 
available from Du Pont Co.; and Vulcaprene (trade name) 
10 available from ICI . 

Examples of the polyester elastomers include copolymers 
comprising aromatic polyester as a hard segment and 
noncrystalline polyether or aliphatic polyester as a soft 
15 segment. More specific examples include polybutylene 
terephthalate/polytetramethylene ether glycol block 
copolymers . 

Examples of the polyamide elastomers include copolymers 
20 comprising Nylon™ as a hard segment and polyester or polyol 
as a soft segment. More specific examples include Nylon™ 
12/polytetramethylene glycol block copolymers. 

In the present invention, from the viewpoint of protecting 
25 the environment, it is preferred that the rubber component 
is a natural rubber or a biodegradable elastomer disclosed 
in Unexamined Japanese Patent Application Laid-Open 
Specification No. 2001-240655. 

30 In the present invention, the material for acoustic 

apparatus housing can be produced by mixing the biodegradable 
polymer compound, the inorganic material, and the hydrolysis 
inhibitor with one another. 
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With respect to the mixing, there is no particular 
limitation, and it may be a known agitation or kneading means . 
Examples include a container revolution mixing or kneading 
5 method in which a container itself is rotated or/and vibrated, 
a mechanical -agitation or -kneading mixing method in which 
agitation is made by means of a blade or the like, a 
fluid-agitation mixing method in which agitation is made by 
means of air or gas, and a non-agitation mixing method using 

10 gravity flow, branch plates, or connection sleeves. With 
respect to the state of the components mixed, there is no 
particular limitation, and the components may be uniformly 
mixed, non-unif ormly mixed, or mixed by heat ing . With respect 
to the conditions for mixing including the composition and 

15 the order of mixing the components, there is no particular 
limitation. In the present invention, it is preferred that 
a melt -kneading method is used as the mixing means. More 
specifically, it is preferred that the hydrolysis inhibitor, 
e.g., a carbodiimide compound is added by a melt -kneading 

20 method. 

The melt -kneading method may be any method as long as 
the biodegradable polymer compound, the inorganic material, 
and the hydrolysis inhibitor can be mixed with one another 

25 while heating. As the mixing means, the mixing method 

mentioned above may be used, and, as the heating means, a known 
means, such as an oven or a heater, may be used. With respect 
to the temperature for the heating, there is no particular 
limitation. In the present invention, when poly-L- lactic 

30 acid (PLLA) is used as the biodegradable polymer compound, 
the temperature for the heating is preferably about 100 to 
250°C, more preferably about 150 to 200°C, most preferably 
about 170 to 180°C. In the present invention, it is preferred 
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chat uhe heat -knticidiiiy nit: L ii<^>d j_a cmpluycu ciiiJ. tlicii the: ifiixturc 
obtained by the heat -kneading method is cooled. With respect 
to the cooling means, there is no particular limitation, and 
it may be a known means, such as a means for cooling using 
5 ice water, water, dry ice, or liquid nitrogen, or a naturally 
cooling means . In the present invention, it is preferred that 
the cooling means is naturally cooling. 

In the material for acoustic apparatus housing, if 
10 desired, various known additives may be further incorporated 
as long as the acoustic properties are not markedly sacrificed. 
Examples of additives include an antioxidant, a light 
stabilizer, an ultraviolet light absorber, a pigment, a 
colorant, an antistatic agent, a release agent, a perfume, 
15 a lubricant, a flame retardant, filler, and an anti-fungus 
agent . 

The material for acoustic apparatus housing produced by 
the above-mentioned method is preferably used as a material 

20 for acoustic apparatus. In the present invention, it is 

preferred that the material for acoustic apparatus housing 
is used as a material for, for example, an acoustic apparatus 
available from Sony Corporation at 7-35, Kitashinagawa 
6-chome, Shinagawa-ku , Tokyo, such as a loudspeaker, 

25 WALKMAN™, a television apparatus, a radio cassette player, 
a headphone, an audio component, or a microphone. In the 
present invention, from the viewpoint of obtaining excellent 
tone quality, it is preferred that the material for acoustic 
apparatus housing has a higher specific gravity, more 

30 specifically, preferably a specific gravity of about 1 . 3 g/cc 
or more, more preferably about 1.35 g/cc or more, most 
preferably about 1.4 0 g/cc or more. 
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XX^-L. C^ll^C^WVV , c-xx^ Ir'^^^^^ u_xx v v^xx^ _l.wxx ---- — ^ ^w^^^^^s-^ 

more detail with reference to the following Examples, which 
should not be construed as limiting the scope of the present 
invention . 

5 

[Example 1] (Preparation of sample) 

Employing the composition in Example 1 shown in Table 
1, as a resin (A) which is a biodegradable polymer, LACEA™ 
(H100J; Mitsui Chemicals, Inc.) belonging to polylactic acid 

10 was used, as an inorganic material (B) , an Al (OH) 3 reagent 
was used as it was, and, as a hydrolysis inhibitor (C) , a 
Carbodilite 8CA reagent was used as it was. The components 
A, B , and C were mixed using a melt -kneading method. Conditions 
for the mixing are such that the kneader is Minimax-mixtruder 

15 (manufactured and sold by Toyo Seiki Seisaku-Sho, Ltd. ) , the 
nozzle temperature is 170°C / the torque is 5 kg, and the 
residence time is 3 seconds. After the melt -kneading , the 
mixture was naturally cooled, and the resultant resin composite 
was pulverized, and shaped by pressing under 300 kg/cm 2 at 

20 170°C into a board material having a thickness of 1 . 0 mm. Then, 
the shaped material was cut out into a 10 . 0 mm x 100 mm specimen, 
and the resultant specimen was used as a sample in Example 
1 having the composition shown in Table 1. 

25 [Examples 2 to 4] 

Samples in Examples 2 to 4 were individually prepared 
in substantially the same manner as in Example 1 except that 
the compositions in Examples 2 to 4 shown in Table 1 were 
employed . 

30 

[Comparative Example 1] 

A shaped board material was obtained in substantially 
the same manner as in Example 1 except that a material having 
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Liit: ^^uiputj-L Liuii in CoTupci rdt j- ve Example: 1 shewn in Tabic 1, 
obtained by adding an inorganic material (barium sulfonate) 
to ABS which is a resin derived from petroleum, and which has 
no biodegradability , and adding no hydrolysis inhibitor, was 
5 used, and then the shaped material was cut out into the same 
size to prepare a sample in Comparative Example 1. 

[Comparative Example 2] 

A shaped board material was obtained in substantially 
10 the same manner as in Example 1 except that polylactic acid 
containing no inorganic material was used employing the 
composition in Comparative Example 2 shown in Table 1, and 
then the shaped material was cut out into the same size to 
prepare a sample in Comparative Example 2 . 

15 

Table 1 

(Specific compositions in Examples and Comparative Examples) 



Sample 


Resin (A) 


Inorganic 
material (B) 


Hydrolysis 
inhibitor (C) 


Example 1 


Polylactic acid 
53 .25 


Al (OH) 3 
45 


8CA 
1 . 75 


Example 2 


Polylactic acid 
47 . 5 


Al (OH) 3 
50 


8CA 
2 . 5 


Example 3 


Polylactic acid 
61 . 75 


Al (OH) 3 
35 


8CA 
3 .25 


Example 4 


Polylactic acid 
38 . 75 


Al (OH) 3 
60 


8CA 
1 . 25 


Comparative 
Example 1 


ABS 
75 


BaS0 4 
25 




Comparative 
Example 2 


Polylactic acid 
99 




8CA 
1 



Unit: Part(s) by mass 



20 (Measurement of specific gravity) 

With respect to each the samples (also called specimens) 
in Examples 1 to 4 and Comparative Examples 1 and 2, a weight 
was precisely measured, and the weight measured was divided 
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Dy a volume of the specimen (determined by meets ux iny d ienyLii, 
a width, and a height of the specimen and multiplying them) 
to determine a specific gravity. The results are shown in 
Table 2 . 

5 

Table 2 

(Specific gravity) 



Sample 


Specific gravity (g/cc) 


Example 1 


1 . 635 


Example 2 


1 . 619 


Example 3 


1 .452 


Example 4 


1 . 764 


Comparat i ve 
Example 1 


1 . 581 


Comparative 
Example 2 


1 .232 



(Damping test) 

10 With respect to each of the samples in Examples 1 to 4 

and Comparative Examples 1 and 2, the damping properties were 
evaluated in respect of the material for acoustic apparatus 
housing as follows. 

15 The samples in Examples 1 to 4 were individually tested 

using a vibration lead method at a measurement temperature 
of 20°C. In the vibration lead method, each sample is 
cantilevered at one end as viewed in the longitudinal direction 
of the sample, and the cantilevered sample is subjected to 

20 non-contact vibration by means of an electromagnet, and a 
capacitor measures a very small displacement of the sample 
caused by the vibration to determine a resonant frequency. 
From the function of the frequency, a dynamic elastic modulus 
is determined, and an internal loss is determined from the 

25 resonance state. A similar measurement was conducted with 
respect to each of the samples in Comparative Examples 1 and 
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2 . The vibration lead method was conducted in accordance wich 
the method described in Sound and Vibration Damping with 
Polymers (written by Robert D. Corsaro, published by The 
American Chemical Society) . 

5 

(Results of damping test) 

The results of the damping test are shown in FIGs . 1 to 
6. In the figures, FO designates a resonant frequency, and 
Fl and F2 designate a frequency corresponding to a 3 dB down 

10 (1/V2) value of the vibrational velocity of the resonant 
frequency, indicated by a unit of Hz . Q designates a value 
27i times the ratio of the vibrational energy to the energy 
per one cycle given from the outside for maintaining the 
vibration, representing the damping properties. l/Q 

15 designates a damping degree. E designates a dynamic elastic 
modulus (Pa) , and VELOCITY designates a velocity (m/s) . In 
the graphs, a vibration displacement is taken as the ordinate, 
and a frequency is taken as the abscissa. 

20 As apparent from the results of the damping test, the 

material for acoustic apparatus housing of the present 
invention is excellent in frequency properties and improved 
in output acoustic pressure level and distortion ratio as well 
as flatness, as compared to a conventional material for 

25 acoustic apparatus housing. 

By the present invention, there can be provided a material 
which is advantageous not only in that it is very unlikely 
to impose a burden on the environment after being disposed 
30 of , differing from the material for acoustic apparatus housing 
comprised of an existing thermoplastic resin, but also in that 
the material is prevented by the hydrolysis inhibitor from 
rapidly decomposing and hence excellent in both the performance 



environment . 



